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PROGRESS REPORT

(Period September 1, 1983 through March 15, 1984)

General description of the work in proaress

The study of the short-term (1 min - 6 hrs) effect of DFP on acetylcholine
metabolism and synthesis, pupillary function and acetylcholinesterase inhibi-
tion has been completed. A summary of the results obtained have been included
in the previous progress report of September 1, 1983. The full paper describ-
ing these experiments has been accepted for publication in Neuropnarmacology
(see Appendix I).

In the next part of our study we have investigated the kinetics of the
high affinity choline uptake (HACU) and low affinity choline uptake (LACU)
system in the densely cholinergic innervated albino rat iris. The ionic
requirements, temoerature sensitivity, and pnarmacology of the system were
determinad. The manuscript describing these results is in preparation.

A summary of these results is reported in the following section. In addi-
tion, we have studiea the 2bility of the aging cholinergic synanse to take up
chaline, rel2ase acetylcr0iine anad to deplete and reform synaptic vesicles. A
summary of this study is reportead here. The results of this study are in
publication {see Appendgix Ii).

several naticna2i 3na intsrnation2’ meetings, The asstracts of tne communica-

The resuits descripaj in the progress report have been communicatad at
ticns are attacned (see Apo2naix II1).

Pnarmacclogical ana kinetic cnarzcterization of choline transport in the rat

RN S

iris

The pharmacoloay, ionic dedendency and temperature sensitivity of the
choline uptak2 system w~as determinad in irises dissected and preincubated for
10 min a5 37°C in a duffer solution containing 1 uM unladellea cnoline spikad
with 1% 3H-:'no'xine. [n the pharmacological studies, drugs at various concan-

rations were included in the second incubation step in the presence of
H-choline.

Diisopropylifluoroohosphate (DFP) was dissolved in propylene glycol which
was then adael to the uptake buffer. The stability of DFP in the aqueous
solution was determinad by incubating irises in the solution at various times
up to one hour. The irises were then homogenized and -acetylcholinesterase
(AChE) activity was determined by the rapid method of Johnson and Russell
(Analyt. Biochem., 63:229-233, 1975),

A Linewsaver-3urk2 plot of the kinetics for HACU ana LACU is shown in
Fig. 1. The X, for hign affinity uptake was 3.23 umolas with a Vpax Of
12.5 pmoles. The low arffinity uptake Ky was 68.4 umoles with a Vmpay Of
1023.54 pmoles.

High affinity choline uptake was demonstrated tos be temoeraturd- and
sodium-sensitive, Control uptake at 37°C was considered to be equal to 100%.
Decreasing the temperature to 20°C and 4°C resulted in a decrease of uptake to
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32% and 15% of control, respectively., Sodium sensx.1v1ty was determined by
substituting eqylmolar amounts of Na* with Li*, Control uptake in the
presence of Na* ions was considered to be equal to 100%. Increasing the
concentration of L1+ with a consequent decrease in Na*, resulted in a
decrease in uptake from 72% to 42% of control.

The pharmacology gf the HACU system in the rat iris is shown in Fig. 2.
Hemicholinium at 10°3M and 10~ decreased choline uptake to 28% nd
43% of control, respect1ve1y. Ouabain (10-34, 109 and ~3M)
inhibited choline uptake to 57%, 82% and 88%, respectively. The acetylcholin-
esterase inhibitors, physostigmine and DFP had similar effects on the HACU
system, with DFP demonstrating to be a more potent innibitor of the uptake.
Physgstigmine decreased choline uptake to 78% at its highest concentration
(10-3M). On the other haqd DFP 1nh1b1*ed choline uotake to 71%, 70% and
78% of control at 10-3v, 10- and 10°°M, respectively. Scopol-
amine, a muscarinic antagonist decreased choline uptake to 82% of control at
its highest concentration (10~ 3%)

0f special interest to this study is the effect of DFP on Ch uptake. We
have Jemonstrated tnat although this agent's primary role is to inhibit AChE
activity, it also decreases Ch uptake and potently innibits ACh release (Mattio
et al., 1984) {attached). Thesa effects can be explained only in part by the
increased ACh levels in the tissue.

faing of cholinerqic synanses - yptake ingd releasing mechanisms

w2 have made us2 of the e1llarv ganglion-iris praoarat1on of the aging
(1.3-3 yrs) cnicken as 2 mocal of senescent operipneral cholinergic synapses
wedrsmuscular junctions in tne iris of aging chickans show early (1.5 yrs)
marcnolcgical signs of damage such as, reduction and oolymoronism »f synaotic
vesicles and increase of neurofilaments and mitaocnhonaria. Accumulations of
cyteplasmic organelles and lysosomes are seen in the axoolasm of the nerve
fioer, At latar stages (3-2 yrs), the nerve ending is enveloped by Schwann
ceils infiltrating ana filling the synaotic cleft, Quantitative morphometric
changes in the ratio describing the relationsnip between volumes of terminals
ano volumes of synaotic vesiclas show a progressive decrease in the volume
fxea by synactic vesicles. The ability of the cholinergic synapses to take
uo 4-choline and release the formed JH-acetylcholine (ACh) in response to
hign K*-depolarization is impaired at 5 yrs resulting in a significant
denletion of the 2H-ACh releasable pool. These experiments seem to point out
for the first time a selective functional defect in the cholinergic synapse
during aging.

ATTACHMENTS: Appendix [
Appendix 11
Appendix IT!
Figure 1
Figure 2
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Kinetics of Choline Uptake

61 R =99
Vmax = 1023.54 pmoles
Kma = 68.40umoles
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FIGURE 1. Lineweaver-Burke plot of the kinetics for HACU and LACYU
in rat iris. '
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EFFECTS OF DFP ON IRIDIC ACETYLCHOLINE MZTABOLISM AND RELEASE
AND PUPILLARY FUNCTION IN THE RAT

7.5, Yattio, J.S. Richardson* ane I. Giaccpinit
]

Derartrert of Pharmacoicyy, Scuthern 11linois Lrniversity School of Yedicine,

Sprinc€ield, I1linois €270 LU.S.A.

*Departments of Phar~acolegy and of Psychiatry, Collece 0f Medicine,

University of Saskatchewan, Saskatoon, Saskatchewan, Caraca SN7CHWD

Running Title: Effect of OFP in Rat Iris

* To whom reprint requests should be forwarded.
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SUMMARY

The time course of the effects of the topical administration of 1 ug of
diisopropylfluorcphosphate (DFP) onto the cornea of the rat on iris function
and acetylicholine (ACh) biochemistry was followed for 6 hrs after the acute
inhibition of iris acetylcholinesterase (AChE). Pupil diameter was normal at
1 min but from 5 mih.to 6 hrs after DFP, pupil size was less than 50% control.
As measured by infrared video pupillography, complete miosis occurred within
3.5 to 4.0 min after the application of DFP. Ffrom this time point on, up to
6 hrs, a pupillary lignt reflex could not be elicited.

Acetylcholinesterase activity in the iris was rezucec to 36% of cortrol
1 =min after epplication of IFP, cecreased %o €% &t 5 nin and still remained far

Selow control values at 5 hrs., Acetylchcline levels in the iris were increased

(V8]

Oy 33% 1 min after OFP and by 54% at 5 min. Tris increase remained stable fer
120 min ard then started to return to cortroi values Sut was still 28% above
controis at 6 hrs. Choline {Ch) levels in tne i~is were decreased by 22% 5 min
after OFP but quickly returred to normal ard were the same as ccntrols at all
other time points tested.

Evidence consistent with the presence of muscarinic presynaptic auto-
receptors on cholinergic nerve terminals in the rat iris was provided by
experiments 1involving electrically stimulated release of labelled ACh from
isolated rat irises. CFP (1074 to 10’63) and certain concentrations of
Ch (10'4M) had an inhibitory effect on ACh release that was blocked by
scopolamine (10-6u),

The rat iris is an excellent tissue to use for studying pharmacological
agents such as DFP since biochemical parameters can be readily correlated with
measurements of physiological function. Moreover, the iris 1is considerably

hardier and longer lasting than a brain slice and merphologically 1is more

homogeneous.
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R0 INTRODUCT 1 ON
Hi Neurobiologists have used organophosphates as powerful tools to elucidate
:33 the role and mechanisms of cholinergic neurotransmission in both the central
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. and peripheral nervous systems. The organophosphate, diisopropylphosphoro-

fluoridate (DFP), is a potent irreversible acetylcholinesterase (AChE) inhibi-
ting agent that pHo;phorylates the active enzymatic site forming a covalent
enzyme-substrate complex {Molmstedt, 1959). In addition to its irreversible
nature, DFP occupies a unigque pesition in neuropharmacology due to its rela-
tionship to both pesticices and c¢nemical warfare agents.

Acute administration of, or accidental intoxication by, organophosphates,
results in neurological symotoms and behavioral effects well-correlated with
inhibition of ACRE and consecuently to the accumulation of acetylcholire (2Ch)
at receptor sites. Scre of these symptoms incluce marked miosis, cral end
nasal secreticns, musculer fasciculations, hyperactive reflexes, and mertal
depression {Sidell, 1672}, Most of these sywptoms can be alleviated by atre-
pine administration i-dicating specific cholinergic invcivement. This effect
of prolonged elevated ~Ch levels at receptor sites has been extensively studied
in brain to determine the effects on acetylcholine bicchemistry.

In vivo administration of organophosphates increases ACh levels in brain

to a maximum within 5-10 minutes (Mayer and Michalek, 1971; Bignami, Rosik,
Michalek, Milosevic and Gatti, 1975; Modak, Stavinoha and Wweintraub, 1975).

This marked increase has been related to the accumulation of ACh in cholinergic

terminals as well as in the synaptic cleft (Modak et al., 1975; Mlecker, Mobley
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and Dettbarn, 1977). wWith prolonged AChE inhibition (2-3 hrs), ACh levels in
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brain drop significantly toward normal levels (Mayer and Michalek, 1971;

Bignami et al., 1975). -




However, intrinsic problems exist in the study of the effects of
organophosphates in brain due to the morphological heterogeneity of this organ.
Brain preparations are rore complex because of the co-existence of cholinergic
cell bodies and terminals with a variety of other neurotransmitter cell

. systems. Therefore, it is advantageous to study the effects of these compounds
in a less heterogehohs tissue such as the iris. The iris contains a dense
plexus of cholinergic nerve terminals whose cell bodies are located at a dis-
tanze from the organ in the ciliary ganglion. It has long been used in auto-
nomic pharmacological stucdies and is extremely well-suited for these studies
(Giacobini, 1973). It alicws seguential eanalysis of function (micsis or
myc¢riasis) and simultareous meesurement of chelirersic parameters such as ACh
synthesis, accurulation, turrover, release and cecrazation {Siacosini, 1923).

Fonnum, Soli, Opstad, Opsahl and Lunc-Xarlsen (19%1) and Soli, Llund-

¥arisen, fosanl and Fenrum (12S0) found a linear cor-elaticn batween pupnil size
and AZhi inhibiticn after tepical administraticn cf scman or TFP in the guirees
pig. However, these investicaters did not reasure accomparying bicchemical
chances in ACh and choline [Ch) nor did they analyze the evoxed release of ACh
from cholinergic terminals. The present study seeks to correlate the levels cf
ACh, Ch, the stimulated release of ACh, and ~AChf innibition with the physiolog-
ical pupillery function as determined by infra-red pupillometry (Murray and
Loughnane, 1981) after acute topical administration of DFP to the albino rat
eye. The correlation of the biochemical effects of OFP administration with the
physiological function of the iris, will give insight on the variety of effects

DFP has on both central and peripheral cholinergic systems. Determining the

events that occur after DFP administration will lead to a more thorough uncer-

standing of chelinergic neurotransmission as well as a background concerning

s e N e e e
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new approaches to the treatment of organophosphete poiscning. Preliminary i
reports of these data were given at the Society for Neurcscience (Richardson, -
Mattio, Bernstein-Goral and Giacobini, 1982; Mattio, Giacobini and Richarcdson,

1983).
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MATERIALS AND METRHODS

Animals

The topical applicaticn of 1 ug DFP (Sicma) in 5 ul of pearut oil to the
cornea of Sprague-Dawley rats (Harlan) was performed with a Hamilton syringe,
with vehicle adninistration (peanut oil) done in parallel. For the biochemical
studies, the rats were cdecapitated at various times after the CFP application,
the irises were dissected irmeciately in ice-cold Ellict's £ buffer and a pre-
liminary measurement of pupillary diameter was made using an ocylar micrometer
(20x racnification). For the pupillography stucies, the rats were placed in a
restrairer as cescrited celow. Irises from crug free rats were used in the
release experiments as detziled zelow.

rcetvichelirasterase fctivity

s <

m

X
r

activity was ceter~inec in aligucts of iris nomepenate using the

ranid method cf Jennsen arc Ousseil (1975

~

. SlkhI activity was ceterrined at
varicus tires 2<ler UfP irjection in tripliceate and ccmparec to cil injected
centrcls.  Trnese saroles ware 21so washed with equal volures cf chicroform to
remove excess 1P anc prevert false low AChE activities. Cata were analyzed by
an unpaired Stucent's t-test to cetermine significance.

~Ch ard Ch Leveis

ACh and Ch levels were cetermined in the iris from 0 to 250 minutes after
topical administration of [FP by the radioerzymatic metncd of Mclaman and
Stetzler (1977). Briefly, this method uses the enzymatic incorporation of
32p from Y-latelled ATP into the choline molecule ¢to for 32P-phospho—
choline. To determine tissue ACh levels, the tissbe was preincubated with
choline kinase and unlabelled AT?, for 15 min., After this preincubation, the

tissue is then ircubated with 2ChE, which hycrolyzes 2Ch to leave free Ch,

At Bae i o
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which subsequently is phosphorylated with 32p.aTP. For determination of
tissue Ch levels, the 32p_aTP is included in the first incubation and no
ACht 1is added. Assays were carried out in duplicate including internal
standards (10 pmoles) with a minimum of eight irises per time point. Samples
were washed with equal volumes of chloroform to remove excess, unbound DFP that
was found to inhibit the ACht activity added as part of the assay procedure.
Data were compared to oil injected controls ran in parallel by an unpaired
Student's t-test.

Irfra-red Punillcmetry

Continuous measurermenrts of pupil area after exposure w0 ZFF were cone by
using bright-7Tield infra~-red illumination as described 2y Murrey and Lcughnane
(1681),  PRats were conditioned to sit in a restrairer that inhidited head
movement until tney showed little, if any, stress evcked benavior cetermired by
pupiliary mycriasis. hermal pupillary licht reflexes were ceternmired cefore
and after vehicle applicaticn {rfeanut 0il). TF? was tnen epplied topically ard
pupillary respconse was recorded until maximal pupillary micsis wes cetermined
and no light reflex cculd be elicited.

Euffer

Elljot's 8 buffer [(E11ict, 16£9) containing 122 n4 Nall, 1.3 m4 K(1,
1.2 m4 CaClp, 0.4 mM KHoPOs, 25 mM NaHCO03 and 10 rM  glucose in double
distilled water, was mace fresh every seccnd day and stored at 4°C when not in
use. Prior to each experiment, the Elliot's B buffer (EEb) was bubbled with

95% 0p 5% COp until pH 7.4, A1l buffer was continuously bubbled with 95%

02 59 COZ throughout the perfusion-stimulation periods. R
IRSA’
3u-ch Uptare . j}j

In studies involving the labelling of ~Ch pools ty uptake of 3H—Ch, the
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uptake parameters were as reported by Richardson, Mattio and Giacobini
(submitted). Briefly, irises were dissected and pre-incubated for 10 minutes
at 37°C in EBb in a shaking water bath. After pre-incubation, irises were
transferred to wells containing 1 wM unlabelled choline spiked with 1% 3.
choline (New England Muclear 80 Ci/mmole). Tissue was incubated for 5 minutes
and then washed in 5 ml of btuffer. Irises were then placed in the release

chambers and run as explained below.

Perfysion-stimulation Pelease cf il

The release of 3H-acety1:holine from the parasympathetic nerve terminals
in the iris was determired using a modificaticn cf the procedure ceveloped by
Potaskner (1978, 1973}, Zach stimulation charmber was a .1 ¢m diameter plexi-
glass sleeve into which ccuid pe inserted plurcers with 3 flet platinum coi!
electrode on the en¢ and a rerfusion cannula. The plunzers were positioned so
that tre platinum coils were 3 to & rm apart wnich created a stinuiation
charcer of about .5 m1 voiure that could be pe-fused via the cannula. Four
such chambers were tuilt into a plexiglass box ccnstructed so that water at a
constant tenmperature !36°C unless stated ctherwise! cculd be circulated around
each chamber by a Haake neater circulator.

tach iris was placed cn tnhe platinum gricd of the lower plunger, the urper
plunger was inserted into the sleeve, and ERb with or without crugs, was
perfused through the chamcer at a rate of 1 m! per minute by a peristaltic
punp. The perfusate from each chamber was collected in 1 minute fractions in
separate mini vials by using a modified drop cuide on a Pharmacia Frac 3030
fraction collecter. After 10 ninutes of perfusion, each iris received

electrical field stimulation for ! minute from a Grass Model S11 stimulation

unit through a capaciter circuit to create a biphasic nearly square wave

.
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stimulus of 20 mA, 50 Hz of 5 ms duration, which was then passed between the -

platinum coil electrodes and monitored on an oscilloscope. This frequency was
observed to give maximal release of ACh under our experimental conditions. The
1 minute stimulation period was repeated every 5 minutes for 20 minutes such
that each tissue was stimulated four times and each stimulation was followed by
a 4 minute washout period. At the end of the fourth washout period, the
radioactivity remaining in each iris was determined by placing the iris in 1 ml
of absolute ethanol in an oven at 60°C for at least 1 hour. Two mls of
scintiliation counting cocktail was added to each perfusate fraction and to the
ethanol extract of each iris. The radicactivity in each sample was measured in
a scintillation counter {Beckxman moael LS 5200).

The electrically-stimulated release of 3H-acety1cho]ine from the rat
iris was characterized by stucying the temperature and ion depenaency of the
evoked release. It was determined that in the absence of any cholinesterase
inhibiting drugs in the perfusion buffer, the racioactivity appearing in the
1 minute fractions collected curing the minute after an electrical stimulation
was at least 90% 3H-acety1cho!ine.

Prugs: The effects cf various drugs on the release profile were deter-
mined by dissolving the drugs in the EBb used to perfuse the tissues. The
stability of the anti-cholinesterase potency of 1 uM DFP in aqueous EBb was
established by mixing the DFP in the buffer and adding aliquots of this 1 uM
DFP solution to homogenates of rat iris after various time periods up to
40 minutes. AChE activity was then determined 5 minutes after the DFP was

added to the homogenate. The DFP did go into solution in the EBb and produced

a 75-80% inhibition of iris cholinesterase activity at all time points tested.
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Calculations: The radioactivity in each 1 minute sample was converted

into a release fraction in which the radiocactivity in each sample is expressed

as a percentage of the total amount of radioactivity in the tissue at the start 'f;?
of each 1 minute collection period (Potashner, 1978). This total tissue radio- ffj&
activity is calculated for each 1 minute period by adding the radioactivity in M

that particular 1 ﬁiﬁute sample to the radioactivity in all subsequent samples
including the radioactivity remaining in the tissue at the end of the experi-
ment. The release prefile is obtained by plotting the release fraction of each
1 minute sample. In the absence of any stimulation, a certain amount of radio-
activity is constantly being released, presumably 5y spontaneous discharge of
the neursns. When calculating the release evokec oy the electrical stimula-
tion, this spcntanecus rejease must Le taken intc account. The relationship
between the soontaneous release and the stimuiation-evoked release is expressed
as 3 rel2a2se ratio which cerrects for changes in spentareous release. This
release ratio is given by the formyla EF-SR , 1cp where .ER=evoked release

SR :\ -~
and SR=sozntanecus release. R




- RESULTS

Pupillometry and Ricchenistry

Pupil diameter, measured with an ocular micrometer following dissection,

was unchanged at 1 min (Fig. 1). At 5 min pupillary miosis was observed

(40% of control) which lasted, with some minor fluctuations for at least 6 hrs.
Infra-red pupillometry showed that at 1 min the pupil area was starting to

decrease, but was still rather large (Fig. 2). Beyond this point, a steady

|

f

decline in pupil area was recorded. By 3.5 to 4 minutes, complete miosis was N j
observed and no further pupilliary light reflex could be elicited. The iris i
remained unresponsive for at least 6 hours. 1
Acetylcholiresterase activity was signi€icantly reduced to 26% of cortrol . j

1 min after DFP application (Fig. 1). It then further dacreased to &% of -'_, 1
centrol after S5 min and remaired decreased reccvering to only 23% of control i
activity after 6 hrs. Acetylcroline levels were sicnificantly increased 233 ____:
cver control, one min after [7P injection (Fig. 1). By 5 min, ACh levels “‘:
appeared to peak (54%) and remain relatively ccnstant for 120 min, after which :
they cecreased but were still significantly increased over control (2°%) at ___‘
6 hrs. Choline levels were unchanged 1 min after CFP injection {Fig. 1). 'Z“"

However, by 5 minutes they were decreased to 78% of control. At 15 minutes, h
returned to control levels and remained unaltered for the duration of the
experiment.

Release of 3H-ACh

The electrically stimulated release of 3H-ACh from the rat iris was
characterized by determining the appropriate parameters of release. First, it

was determined that the tritium released was indeed 3H-F«Ch. Irises were ’

assayed for ACh and Ch content before and after stimulation (20 mA, 50 Hz,




5 ms). Tissue levels of Ch were unchanged whereas ACh levels were decreased
almost three-fold, demonstrating that 34-ACh was being released (Table I).
5 Temperature and ionic requirements for release were also determined. 3y-
Acetylcholine release was completely inhibited at 0°C and decreased to 74% at
23°C when compared to release at 36°C (Table !I). The initial release of
24-ACh at 20°C was uéchanged from control, however by the fourth stimulation,
the iris was unable to release SH-ACh at this high temperature. Release of
34-ACh was also demonstrated to be Na* and Ca** gdependent [Table IIl).
Sodium was sutstituted in the buffer by equimolar amcunts of LiCl or by 240 M
sucrose. EBoth decreased release with LiCl havirg <re most profound effect.
Release was cemonsirated to be highly depencert cn Ca**,  when Ca** was
omitted from the buffer, evcked release was not seen. Trese cata demonstrate
that the release of SH-ACh frcm the rat iris, ir cur system, shows tempera-
ture ard ienic soecificity asscciated with the in vive release of neurotrans-
ritters from rerve encincs.

The pharmazological analysis of the release of 34-%Ch revealed the

presence of & presynaptic ruscarinic receptor in the rat iris as it has been

described in cther tissues including the CNS. Wren stirmulated, this muscarinic
autecreceptor inhibits release of ACh (Kilbincer and Kruel, 1¢81; Marchi,
Paudice and PRaiteri, 1981). Blocking this presyraptic autcreceptor with

scopolanine, a muscarinic antagonist, increases the release of 3H-ACH in a

dose-dependent manner (Table IV).  Choline (10"s M), which has been shown

C e T S
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to act as a rmuscarinic agonist at high concentrations (Kilbinger and Kruel,

- 1981), inhibits the evoked release of SH-ACh from the rat iris (Table IV).
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Choline (10'3 M) increased the spontaneous release of 3y.ACh in our
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preparation as described by Kilbinger and Kruel (1¢81). This increase in
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spontaneous release of ACh is not understood but appears to be an effect
related to the presence of a presynaptic muscarinic receptor. These results
are consistent with the hypothesis that a presynaptic muscarinic autoreceptor
is present in the rat iris.

Diisopropylphosphorofluoridate, at concentrations where 90% or more of
AChE activity was 3ﬁhibited, decreased the release of 3H-ACh (Figs. 3 and 4).
This effect was reversed when scopolamine at IO'GM, a concentration which
in itself did not increase release (Table 4), was included in tne perfusion
buffer. As the inhibition of AChE activity was decreased by lowering the
concentrations of DOFP, so was the effectiveness of OFP on inniniting 3y-Ach
reiease. At higher concentraticns, 10-* and 10-Sv, DFP increased the
spontaneous release of 2u-ACh (Fic. 2). This increased sccntaneous release
was taken into consideration by expressing the data in a reiease ratio as

described in the metnods.
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DISCUSSICN .

Erdogenous ACh levels were increased at each time point studied after
topical administration of DFP., This increase can easily be explained by the
primary effect of DFP on inhibiting AChE hycrolysis of ACh, thus allowing ACh
to accumulate in neuronal terminals as well as in the synaptic cleft (Modak et
al., 197%; Wecker ét.a1., 1977). These results correlate well, quantitatively
and temporally, with the data from other investicators on train ACh levels
after AChE inhibiter administration, depending cn cose or route of administra-
tion (Mayer and Michalek, 1971; Pignami et al., 1973; Stavirpa, Moogak and
Weintrauh, 1976; wecker et al., i%77). However, a ‘ew hours after the AChE
inhidition, ACh levels have teen reported to crcp sisnificantly toward centrol
levels in zrain {Mayer and “ichalek, 1971; Bicneni et al., i373), but in the
iris, ACh levels are still elevated six hours after AChE inhidition.  This
apperent discrerancy may be cue to the fact that the 1iris contains only
cholinergic terminals in ccntrast to brain which has both terminals and cell
bodies. Also, tcpicel administraticen of DFP may provice for a lcncer, rore
direct exposure of the c¢rug resulting in more proionged increases in ACh.

A correlatior between biochemical effects and chysioiccical function of
the iris was made in this study. Pupil diameter reccrced Ly rupillometry was
unchanged 1 min after DFP administration but by 5 min pupillary miosis was
maximal and a light reflex could not be elicited. Acetylcholinesterase activi-
ty at 1 min was cecreased but not to its maximal extent as seen at 5 min., It
appears that the AChE activity (36%) present at 1 min was sufficient to prevent
miosis. However, ~Ch levels were increased at ! min but acain not to the
extent that they were at 5 min, This increase in ~Ch may be intraneuronal and

due to an agonistic effect of DFP on the presynaptic muscarinic receptor
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resulting in a decrease in release of ACh, thus increasing intraneuronal ACh
i stores. An intraneuronal increase in ACh would explain the lack of a miotic
effect at this time. Also, it is pessible that 1 min of DFP exposure is not
sufficient time to observe the miotic effect. However, as determined by infra-
i . red pupillometry, the miotic effect elicited by a light flash is extremely
quick in a control'énimal. occurring within 4-8 seconds. It seems probable
that 1 min is enough time for the iris musculature to respond to extraneuronal

ACh indicating that at this time point the increase in ACh 1is intraneuronal.

By 5 min AChE inhibition was maximal and a buildup of extraneurcnal and
probably intraneuronal ACh was apparent resultirg in continucus stimulation of
: the iris musculature and complete niosis.
i Although the primary direct effect cf OFP is to inhibit AChE activity, we
.Ei observed a decrease in the evckec release cf ACh from the rerve terninals in
ii the presence of DFP. This decrease in release can be explaired by stirulaticn
. of the presynaptic muscarinic receptcr we have described in the iris. Extra-
Ei neuronal ACh would be expected to accumulate and to act on the presyraptic
ii muscarinic autoreceptor to result in a decrease in release. This effect was
reversed by scopolamine. However, the possibility that DFP may have a2 direct
effect on the presynaptic muscarinic receptor, especially at the early time
;: point of 1 min, can not Le ruled out. It has been demonstrated that brain
E; preparations contain a presynaptic muscarinic receptor that inhibits release of
E? ACh by a negative feedback mechanism (Marchi et al., 1981). These receptors
o appear to be identical or very similar to peripheral muscarinic receptors

(Beld, Van Den Houen, Wouterse and Zeaers, 1975; Raiteri, Marchi and Paudice,

1981). However, it remains to be determined whether DFP affects central

muscarinic receptors in the same manner as peripheral receptors.
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Our study indicates that the rat iris is a good model in which to study
the short-term cholinergic effects of anticholinesterase agents and in which to
correlate biochemical and physiological parameters with the pnarmacological
actions of various other agents as well, To our knowledge, this is the first
paper to demonstrate the existence of a presynaptic muscarinic autoreceptor in
iris tissue and wé. have shown that this autoreceptor may have a role in
regulating ACh release after DFP treatment. Although the primary action of DFP
is to inhibit AChE activity, OFP also leads to a decrease in the release of
ACh. This secondary action nay prove to be an imoortant characteristic of the
drug that may nelp 0 elucicate the nechanisms of crolinergic reuroiransmission
and to ceveiop anticctes $0 preserve iris function following environmental

exposure to anticnolinesi2rase agents.
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FIGURE LEGENDS

Fig. 1. The time course of the effect of DFP (topical administration; 5 ug in
5 wl) on AChE, pupil diameter, ACh and Ch levels are demonstrated.
Pupil diameter was measured with an ocular micrometer. *** p < ,001,
* p< .05,

Fig. 2. Infra-red videc pupillogram from a rat after vehicle administration
{0il) an¢ DFP. £t the points indicated the light was turred on or
off. The sharp ccwrward deflections are due to blinking of the eye.
Pupillary light refiexes could not be elicited after 2.3 to 4 min.

£ig. 3. Release profiles ce~cnstrating typical release patterns in ccrirol (C)
and TFP treated <tissues, The horizontal bars indizete the 1 min
pericd cof electrical stimulation. Ncte the increasa in spertaneous
35-ACh release as i10°° ¥ and 1075 M COFP (see Resuylts).

Fig. &, Dose-response relaticn of the release of 34 Ch in tre rreserce of
various ©DrP ccrcentretions and DFP plus 1075 sccpolanine,
Results were calcylated as the release ratio end expressed as a
percent of corirol (centrol release ratio=222.2) with cortrol
equalling 107%. Al activity in the iris is indicatec at the various

concentration of ZFP., *** < .00), ** < .01,
p s P
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TABLE 1

Acety]cho1ige and choline levels in irises after 3H-Ch uptake and stimulated
release of “H-ACh.

After
After Uptake and
Control Uptake Release % Chance
ACh
4 (prol)/iris 151.0 + 11.42 645.10 + 48.76*** 223,14 + 31, 8%+ 289.0
[ - += S.E.

E .
(prol)/iris 147.6 = 25.4  176.6 = 9.76%**  173.2 = 10

"
+
1+
—
C
.
(%)
»*

1.4

L -

*** p < .CO1 when compared to ccntrol levels. % change in reiease was calculated

as the change in tissue levels determined a‘ter SH-Ch uptake end stimulatea

release.
- . -
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TAELE 11

Effect of temperature on stimulated release of 34-ACh.

Tenmperature Release Ratio =+ S.E. % Release
0°C- 98.1 £ 14,3 = 0
23°C 170.5 ¢ 12.4** 74.5
37°C 222.2 + 1C.5 100
40°C 230.2 + 20.2 102.6

Pelease ratio [evcked-spontenecus/spontaneous x 100) was Cdeternired as
described in “ethocds wnere scontareous release = 100. *** p ¢ 201, ** p ¢ .31

when ccnpare? tc release at 37°C.
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TABLE 111 g

Effect of. sucrose and LiCl substitution for Na* and effect of Ca** free :4;;;
medium on SK-ACh release. ' e

lons Release Ratio * S.E. % Release
Sucrose 240 mM 151,54 & 13.32%%+ 65.4
X
LiCl 125 mM 95.9 & 4,4%+ 0 =
-CaCl 111.3 & 3.0++* 9.3 ;T
Control 222.2 + 10.5 100 .
-]
**% n ¢ ,00) when compared to controls. Release ratio=/evoked-socntanecus) x 100 {‘*l*

spontana2cus ) R

N
.
.
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TABLE IV

Release of 3H-ACh in the presence of scopolamine or choline.

Conc.

Scopolamine
Release Ratio
+ S.E,

% Release

Choline

Release PRatio
+ S.E.

% Release

10-3m
10-%y
10~
10-6y
10-"m
10~y

- e .
. a,

-------

439.6
329.0
232.7
211.4
217.7

**4p¢. 001,

I+

+

+

+

8.3
35
12.1
19.4

b4 22.6

185 +*+
141 %%+
105
95
93

scontzrecus

212.2
164.6

220
233.5

“+

i+

I+

i+

15
11.9
9.4
14.1

Values were compared o the control release ratio of 222.2.
Release ratio={evcked-scontaneous)

96
74 %ew
99

104

» .
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AGING OF CHOLINERGIC SYNAPSES: FICTION OR REALITY?

E. Giacobini, 1. Mussini* and T. Mattio

Department of Pharmacology, Southern I11linois University,

School of ﬁqdicine. Springfield, Illinois 62708 USA

INTRODUCTION .
ﬁ Cholinerqic system and aging of the human brain . B ]
{ The normal process of aging of the human brain seems t2 be associated witn : ;j
a loss of both cortical and subcertical neurons (Table I). A central problem ;}7'[
: is whether this decrease in nurmper of neurons is related to neurotransmitter- ;f" j
scecific systems or whether it involves unspecifically all neuronal systems, _3552
Recent autocpsy and bicosy studies in humans (Tasls I) indicata that aging of ;;jzzg
the brain is inc2ed accompanizd Sy a loss of nzurons in certain areas, mainiy ]
| "
in szecific ccrtical ragions. However, no significant changes in cell numder ?igfﬁ
are found in otner areas, such as brainstem nuclei, cranial nerve nuclei, .éiiis
ocns-nysdtnalanic areas or tne madulla oblongata (Table I). A review of the ;:;L:
recent morphological and bSiocnamical literature (Table I) suggests tnat the {;fii

nunder of brain regions known 2 escape neuronal loss in the course of the

aging procass has grown. Tnerefore, it seems that in the aging human brain two

nopulations of neurons coexist side by side., One und2r3oing regressive chanaes
leading to cell death and a second surviving and undergoing continuous and
dynamic growth of processes. In pathological conditions, such as in Parkinson
ané Alzheimer diseases, some decreases are found in corresponding areas but not

in other, indicating a variance from normal aging (Table I). The most

*Natl, Res. Coun, Unit for Mus:zle Biol., Inst. Gen, Pathol., U. Padova, Italy L
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pronounced difference is seen in the substantia innominata (nucleus basalis of
Meinert) of Alzheimer patients, with a 75-80% loss in neurons (2,19,20). It
should be noted that in the same nucleus a 66% decrease in cell density is seen
also in Parkinson patients (Table I} (1). A decrease in number of cells in
Alzheimer brains is seen also in non-cholinergic nuclei such as the locus
coeruleus (Table 1) .(10,18). In spite of the fact that neuronal loss in
Parkinson disease may be the same or greater than in Alzheimer disease
(Table 11), no extensive cortical abnormalities either morphological or neuro-
chemical (ChAc, cholineacetyltransferase activity) have been reported in the
former disease (1). A similar situation is found in the locus coeruleus where
neuronal loss in Alzheimer brains is not correlated with a reduction in
cortical activity of noradrenergic enzymes (10). The mechanism of neurona!l
loss may be different in the *wo diseases as suggested by the differences in
patnological changes observed in perikarya and neuropil, In fact, there seems
*3 be no apparent relationsnip between the formation of characteristic neuro-
fibrillary changes in one case and the presence of Lewy bodies and neuyrpaxona’
spheroids in the other, It looks, therefore, unlikely that the two abnormal-
ities might represent different manifestations of the same disease. Recent
results on changes in cell density, total numper of cells, ChAc and AChE
(acetylcholinesterase) activity in the nucleus basalis of human controls and
SDAT (senile dementia of Alzneimer type) brains are reportad in Table II. It
can be seen that all four parameters are strongly affected in SDAT patients,
however, contrasting differences between results of various investigators are
seen in cell number and cell density (1,11,19,20).

In conclusion, in the case of Alzneimer dissase, both morphological and

neurochemical results suggest a primary degeneration of cholinergic axons and

terminals projecting to cortex and a sacondary loss of cholinergic neurons in
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TABLE 1
CHANGES IN NUMBER OF NEURONS WITH AGE IN NORMAL AND PATHOLOGICAL HUMANSX)

. NORMAL PATHOLOGICAL
. STRUCTURE Age (years) PARKINSON  ALZHE IMER
- 17-18%
| (90) large
erebral cortex o - neurons
5 Inf, frontal and sup. temporal) 45% decr, decr.
f (45-90)
- Hippocampal cortex 27-80% decr, 47% decr.
A (60-100)
ierebe]lar c?rt X —
Purkinje ce ls? 25% decr.
(80)
Parjetal and occipital cortex unchanged no differ,
h Telencephalon (putamen) decr.
: Newborn (690)
; Subst. nigra 400,000 (dopam,) 250,000 60.000 decreased
i Young adult (60-80) -
Nucleus coeruleus 19,000 (norep.) 17.000-11,000 decr.
Yo adult 50-66
ucleus bas. Meinert's —-ng 3cu (50-66) 66% 75-80%
subst. innominata 450,00 (cholin.) unchanged(?) decr, decr,
Brainstem nuclei (ven;ra; €oC.,
inf, olive, mamm, bodies unchanged
ranial Nerve Nuclei .
trochlear, abducens, facial) unchanged unchanged
Pons-hypothalamus unchanged
Medulla oblongata unchanged

X)For ref. see text.
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TABLE 11
CHANGES IN CELL DENSITY AND CHOLINERGIC ENZYMES ACTIVITY IN NUCLEUS
BASALIS OF CONTROL AND SDAT*’ BRAINS

xxx) Choline acetyltransferase

CONTROL SDAT ¢ DECREASE AUTHOR/YEAR
CELL NUMBER 5.9+ 0.9 | 1.6 + 0.3 73 Whitehouse et al., 1981,
nr cells/grid 1982 (19,20)
total nr cells/ 344.6 + 64.6172.4 + 14.6 79 Whitehouse et al., 1982(20)
section ..
" -- .- <50 McGeer et al,, 1983 (8)
CELL DENSITY 10 15 33 Candy et al., 1983 (1)
mean area per
neurone umé x 103 10 30 xx) 66%%) Candy et al., 1983 (1)
-- -- 33 Perry et al., 1982 (11)
ChAc*XX) POSITIVE 104 35 66 Nagai et al., 1983 (9)
CELLS
(himmunohistochem.) -- -- <50 McGeer et al., 1983 (8)
CnAc ACTIVITY -- -- 89 Perry et al., 1982 (14)
{nmo1/h/mg)
-- -- 70 Rossor et al., 1932a{13)
" 196.8 + 88 | 13.4 + 4.4 94 Candy et al., 1983 (1)
" 81, 8Xxxx) 25, 9%xxx) 64 Rossor et al., 1980;
1982b (12,14)
AChE ACTIVITYXXxxx) INTENSE -- -- Rossor et al., 1982n(14)
(histochemistry) STAINING A
(umo1/min/mg 676.8 + 101.2 | 141.9 + 33.9 79 _Candy et al., 1983 (1) . tl
protein) ' :fli\iq
x) Senile dementia of Alzheimer type xxxx) Medium value E{;f }j
xx) Parkinson patients xxxxx) Acetylcholinesterase RO
. ;




subcortical nuclei, Whether the irreversible neuronal 1loss is large or
moderate and its nature remains to be demonstrated by further studies, possibly
at the ultrastructural level, Another fundamantal question s whether
Alzheimer disease is primarily a "cell body" or a “terminal disease" and what
is the time course aﬁd sequence of the neuronal damage (Table III). Other
important questions related brain aging in general and to SDAT in particular
are reported in Table III below.
TABLE I1I
SOME BASIC QUESTIONS WHICH REMAIN UNANSWERED

1. ARE BIOCKIMICAL CHANGES SELECTIVELY LOCALIZED TO CERTAIN 3RAIN NUCLED OR
ARE THEY DISTRIBUTID 7O ALL CHOLINZRGIC SYNAPSZS IN THE CNS? —_

2. ARE CHANGZIS RELATED TO THEZ NOIMAL CEREBRAL AGING PROCESS, I.E. ARI THEY
MICHANISVS OF ENIYMATIC ADAPTATION OR  ARE THIY SPECZIFIC FOR SENILE
SEVMINTIA? HOW IMPORTANT IS THE AGD RANGI OF THE CONTROLS?  HOW (MPORTANT
IS THE SEVERITY OF THE DISZASI?

42 PRIMARY TARGIT FOR THE CHEIMITAL DAYAGT AND THE NIURON
? \ SVNAD

3. WHICH IS T
DIGINIRATION? DQOIS THE AGING PROTISS INVILVE B07H PRE- AND POSTSYNA

STRUCTURZS?  DOES THE PROZISS INVOLVE Cnd_IAZRGIC TERMINALS FIRSTLY AN
PERIKARYA SECONOLY?
8.  ARD CHOLINZRGIC NEURONS IN THE PNS AND CNS EQUALLY AFFECTED?

TwIIN THE REDUITICON IN CHOLINERGIC CORTICA

5. IS THERT A RELATIQNSHIP BETWTZN TH
INESIS OF PLAQUES?

INNZRVATION ARD THZ FPATHOS

Cholineacetyltransfarase is synthesized in the cell body and then trans-
ported to the terminal of the cholinergic neurons while acetylcholine can be
synthesized at both locations. A defect could occur at both places in develop-
ing, adult or aging cholinergic neurons (5), It is, therefore, important to
develop models of aging which make it possible to study cell bodies as well as
terminals in the same population of cholinergic neurons throughout the entire

1ife of the animal, Such a mode) is described in the next section.
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The avian iris as a model of aging.

Aged chickens are defined as birds of age 36 months or older. However, as
in mammals, incipient signs of senescence may appear in the avian nervous
system at earlier stages of life, In the chicken, these early signs can be
identified morphologically and biochemically in the PNS of the chicken after 24
months of age (5).. . Approximately 90% of adult weight as well as sexual
maturity are reached at 200 days (7 months) of age. The rate of growth of the
brain is very rapid at first and then gradually decreases as the body weight
increases, becoming very small beyond 300 davs of age. Among degenerative
signs related to old age, the <¢lose similarity of soontanesus avian
atherosclerosis to the human disease has been recognized since the beginning of
the twenthieth century (15,17). A combination of causal factirs which rewind
us of human pathogenesis, such as hemodynaaic concitions, blcod lipids
(including elevated plasma cholesterdl) and tnrambosenic mecnanists has 2221
gemanstrated in avians (17).

In addition, in the chickan as an effect of ac2, blood pressure ingcreasas
significantly in m2las and femaies from age 10-13 months to ags 32-54 months,
It is interesting to not2 that most of the drugs and hormonas which are pressor
or depressor in mammals have the sam2 effect in birds (17),

Additional advantages in using the avian nervous syst2m as a1 model of
aging are: a) the relatively long life span which allows to observe gradual
changes. In rodents, age-related modifications occur almost abruptly at the
end of life, b) possibility of studying discrete populations of homogenous

] (cholinergic) neurons such as in the ciliary ganglion, maintaining a constant
number of cells throughout 1life span, c) possibility of investigating
separately, cell body and terminals belonging to the same neuron (ciliary

) ganglia and iris). d) possibility of parallel physiological and
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pharmacological testing of pupillary functions in vive. e) a good correlation
between biochemistry and morphology feasible through morphometric EM studies
and quantitative cytochemical analysis (5).

The ciliary ganglion preparation has proved to be a useful and simple
neuronal model of cholinergic synapses since its introduction in studies of
synaptic development and plasticity (3,4).

In a series of studies which has been recently summarized by Giacobini
(5), we have made use of the ciliary ganglion iris preparation of the aging
chicken as a model of senescent peripheral cholinergic synapses. In humans,
cne predictable aging marker has been emphasizad: i.e. pupil function as
judged by pupil size, Senile miosis, a reduction 1in pupil size seems to
contribute a reliable sign of aging as the diameter of the pupil correlates
closely to age for both the dark-adaoted and light-adaoted eye (7).
Seventy-five percent of subjects 55 or older show 3 mm pupil diamster whila all
those under 55 have pupils at least 4 mm in diameter, In addition, pupillary
responses to cholinergic drugs are impaired in the elderly (16).

Based on the studies performed on the iris, an hyncthesis of aging of the
cholinergic synapse has been suggested (6). This hypothesis contemplates age
related changes in carrier-mediated mechanisms and in molecular and physical
properties of neuronal memdbranes leading to a “chemical denervation" of the
cholinergic synapse. The concept of neuronal aging as an integration of
progressive and regressive cell changes, involving specific membrane mechanisms
in selective parts of cholinergic neurons has been previously discussed
(5,6). In order to firmly establish the cholinergic hypothesis of neuronal
aging in humans, several basic questions remain to be answered (Table I11).
Experimentally, a close integration of biochemical and ultrastructural data and

the development of new tests to detect early signs of pathological aging of the




cholinergic system are necessary. In the next section we will describe an
attempt in this direction.

Ability of the aging cholinergic synapse to take up choline, release acetvl-

choline and to deplete and reform synaotic vesicles.

As illustrated in Fig. 1A, neuromuscular junctions in the iris of an aging
chicken (2 year) show polymorphic signs of damage such as, reduction and
polymorphism of synaptic vesicles, increase of neurofilaments and mitochondria.
Accumulations of cytoplasmic organelles and lysosomes are seen in the axoplasm
of the nerve fiber (Fig. 13). At later stages the nerve ending is enveloped by
Schwann cells infiltrating and partially filling the synaptic cleft, Quantita-
tive changes in the ratio describing the relation between vclumes of terminals
and volumas of synaotic vesicles showing a trend to shift to the left are seen
from 4 m to 9 year (Fig., 2). Tnis indicates a progressive decrease in the
volume occupied by synaptic vesicles (Fig. 2) and 3 possible functional
deficit. In order to establich the nature of such a deficit, we have ex27nined
the ability of cholinergic synapses in the iris at various acas to take up the
precursor 3H-choline (Ch) and release the formed 3H-ACh in response to high
K* (115 mM) depolarization. We have observed that following release of ACh,
exocytosis clearly prevails on endocytosis and a nearly total depletion of
vesicles is present (Fig. 3A)., This depletion is reversible, as after 60 min
incubation in a physiological medium the morphological recovery is almost
complete (Fig. 38). The scheme of a typical experiment is reported in Fig. 4,
Changes in endogenous levels of Ch, ACh and PhCh (phosphorylcholine) and in
release of 3H-ACh. are expressed as percent differences of levels before and
after depletion (A-3) or depletion followed by alperiod of recovery and a new
depletion (A'-B') (Table IV)., For simplicity, we shall only comment upon
significant percent differences between young (4 m) and old (5 y) animals which

represent the extreme ages studied (Table IV), Under the condition of the
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Figur2 1: Iris muscle of a 2-year-old chicken. The neuromuscular junction

(A) shows reduction and polymorphism of synaptic vesicles, increase
of microfilaments. (B) Note the accumulation of mitochondria and

lysosomes in the axoplasm of a nerve fiber, Calibration bars =
1 pm.
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Figure 2: Summary of preliminary results of morphometric analysis of nerve

enc'ngs and synaptic components in the iris of young adult (4 mo.)
and aged (5 and 9 years) chicken, The figure shows the percent
distribution of  V,, /¥, ratio, where V,. = synaptic
bouton volume fraction; V,, = synaotic vesicle volume fraction.
The results obtained by the analysis of the iris NMJ of one
animal/age group are the average of 15-20 samples/age. As seen from
the figure, there is a trend of the peaks to shift to the left from

4 mto 9y, demonstrating an age-related decrease in the relative
volume of synaptic vesicles,
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SOHTWE OF REL EASE-RECOVERY-DEPLETION
(for details, see text)

'
Experiaent I:
re- -
rm.t:?p 1ncub. e reiease-depletion 9 recovery
Cl - Yoo 7 777 K 1 :
et oae ! 21 i 21 i ¢
. [ ]
LV_/¥ o N -/ _—
6s. 4s. 2s.
Total duration of Experisent | = 2 hours and 40 min. '
"
Experiment 11: )
AI ’
r depletion loading-recovery  § release-depletion ?
] V,,//'/;'/J:‘/IW;T}'. 838 TR 1 MAGED '/,'/Wr/ S,
k 21¢ e & a4 21°c i
4 4
n
L 7 S a Ve 7/
6s. 4s.
Total duration of Experiment !l = 2 hours and 50 ein.
LI
T = tyrode solution a =1 sample fixed for €. .M,
s. = sawles E/ 5= nigh {X*) stimslation

Figure 4: Scheme of Release-Recovery-Depletion
first set of experiments (Exp. I, Fig. 4 and Table IV) endogenous ACh levels
are more significantly decreased (56 vs 14%) in the young animals than in the
S y old, however Ch level declines equally at both ages. | The release of
34-ACh is probably also more pronounced at 4 m (58 vs 35%) than at 5 years,
The difference in 34-Ch and 34-PhCh are similar at both ages, Such changes

suggest that the mechanism of depletion may be more active in young animals.
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Figure 3: Iris muscle of a 2-month-old chicken, Following prolonged depolariz- o
ation with high-X* concentration (A) the nerve ending aopears SR

almost depletea of svnaptic vesicles. After reincubation in S
physiological medium (B) a nearly total retrieval of synaptic

vesicles is achieved, (Calibration dbars = 1 um.

o4 .

h - - - Calt et T e et et - '-. ‘-. - T . LA A R . - - - D .
- - \..\-“ “-..- "... - ‘.- .. '-. ’ . .~. .-- ... .l. ..<. --.‘--. ..' ‘-' .-. ... .-. ... '.. -.. t . .n‘ N -‘~-. et e e
EVE S AR N S S PR ST, S L S PO S AR RPN NS




TASLE IV

CHANGES IN CHOLINERGIC PARAMITERS FOLLOWING
STIMULATED RELEASE OF ACETYLCHOLINE

EXPTRIMINTAL
PZRI0D AGE PER CENT DIFFERENCE
ACh (h =ACn  *Cn_ *pPn(n
' al 1 !
4 m S69 32¢ S3¢ 624 25
1 ~ | e | '
A-8 1.5y B 8¢ 6lg 7T5¢g 20¢
] 1 2 | 1 -1
27 ! é IR Y '
4 m .;7' 1. lb' 59' 21'
A'- 3 1.5y 21 g g e g
~ ! .t aa o=~ 1 L
bo ] y i 45' 45' -_' _v' < '
The €igures represant the vean of at least ihree 2analyses
nerformad on 3 total of five animals,
A=3 = First parisgd of ralsage - deplatiprn; ~'-2'= Second
nericd of rajeasa - deplation; * = lanellas comsound (see
Fig. &); ACh = acetylchcling; Ch = chaline; Phla =
shasancrylcncline
® ¢ “rross indicate positive (increase) or nagative
decrease) channes batw22n A and B8 valuyes [exprassed
as 2 percentagz of A, starting value) - e.2, So ¢
exoress g ralaase of 5% of the Aln presant 2t ooint A,
»n2n coToared to point 8 (see Fig. 4)

7y

In the second set ¢f experiments (Exp. II, Fig., 4 and Tadle IV), on tne
contrary, endogenous ACh levais are more decreased in tnhe 0'd animals ani tne
percent decreasea in Ch levels is also significantly more severe at 5 y (45 vs
1%). The formed 34.ACh is more dapleted at § years (33 vs 1l1¥) than at 4 m,
This loss is reflected in both Ch and PhCh strong negative changes,

In conclusion, experiments testing the uptake and release capacity of the

peripheral cholinergic synanse under acute conditions of stimulation suggest
that severe changes may cccur at later stages cf lif2, [If a sufficiently iong

period of recovery is allowed, 13ging iris terminals are still capaple of




responding with an adequate depletion of ACh following two subsequent periods
of release and reloading. However, under such strenuous conditions both Ch and
PhCh pools are significantly depleted. These experiments seem to point out for

the first time a specific functional defect in the cholinergic synapse during

aging.
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NOTE ADDED AFTER COMPLETION OF MANUSCRIPT

Three laboratories reported independently at this meeting some new results
which confirm the loss of cholinergic cells in forebrain structures of human
SDAT patients. McGeer et al, reported a decline in cholinergic neurons from
450.000 in the young adult to 50-100.000 in SDAT patients. It should be noted
that similar changes in cell number were observed in two non-cholinergic areas
(locus coeruleus and substantia migra) by tne same authors. According to these
authors age-related conditions and senile gementia follow the same pattern,
however, in SDAT the insult is more pronounced. Aczcording to Bigl et al. (see
T. Arendt, V, Bigl, A, Arendt and A, Tennstzd:, Azta Neuropathol., 61:101-1¢C3,
1933), the neuronal loss is 70% in Alzheimer, 75% in Parkinson (paralysis
agitans) and 50% in Korsakoff patients. Etienne et al. found a 60-90% loss in
neurons stained with AChE histochemistry and a 63-90% decrease in cell counts.
These three retent observations underline the necessity of answering the
questions reported in Table IIl before reaching a final conclusion about SOAT

and involvement of the cholinergic system.

Attention: Replace Table I (enclosed) as corrected.
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UTILI2ZVI0N OF CMOLINE TRANSPORTED 8Y SCCIUM-DEPENDENT, WIGH-
ASFINITY CMOLINE CARRIERS FOR ACETYLCMCLINE SYNTWESIS- COMPAR]SON
OF RAT AND GUINEA-PIG FOREBRAIN SYNAPTOSOMES R. J. Pviett
T. J. Cariton® 9~d £. 4. Colnoun®. Department ¢ Prarmacology,
University of bestern Ontario, Lonacw, Ont., Canece. NEA 5C1.
Controversy esists over the role of choline transpgorted 1nto
Syndaptosomes Dy soc um-depencent, hign-a*firity Carrie=s in the
synthesys of acetylcnoline (ALn), Some 0f tne ctserved arffer.
ences could be gue to soecres variability tn tre garemeters mes-
sured ang the mechanisms 'nvolved. Largeiy, studtes have i1nvol-
ved the yse of rat and Quinea-pig brain, SOECIES WAICh are KNOWN
to differ w'th respect to tne molecuisr forms (pi) of cnoline
acetyltransferase. In the present report, we CORDare tne kine-
tics of choline trangport and tne conversi0on of M-choline to -
ACh In resting and k -depolarized synaptosomes oreddred from rat
and guines-prg foredrain. Analysis of choline trarspert over the
M-choline concentration range 0.1 to 100 M revealed typical
b1phasic kinetics with apparent Michaelrs constants, ¥, of 2 and
109 Mand v of 54.3 ang I4.6 proi.mg protevn/d "k for rat
forecran sy"how&s; tinetics of transport ‘or cholime 1nto
Synaptosomes preddred from cuinea-pig traie g°d not drffer srgni-
ficantly. followyng Incubation of anticholrresterase-trested
Synaptosames with | M cnclire, conversion ¢f ‘wecholing to Iw.
ALr was quantitated by precarative mFL{ separat:on of tre cnoltne
metadclites and ligard szaintrlilation speltrometry.  velocity for
choline yotawe In rat drair synaptosares (-«-crolinest M) wes
2C.2 pmol/mg protetn 4 min C0f wnicn 642 was t-arSdIrtes Oy
$odium-dependent Drocesses;: 1n Comoarison, Croline traasoort vel-
0CI1ty 1IN0 GuInes-p1g synactosames was 16.7 gl /mg protetn/é mn,
795 of wnich was 2001 jsNed 1n sodium-free (1itntam substetLted)
medium. o requler € (5 oMl medium, 1t was ooservec trat 2% of
3-choline trarsdorted 1NtO rat CraIr SVAACTIOSOMES Dy SOG)um-
depengent Drocesses was 8zetvliates, wnrle “n cornee-ore cnly 57T
of suth croline was metadoivres 1o Aln 1P5.22). oliowing
K 14) mMi-geoniarrraticn, 74,53 of ‘wmoeno.tre transtories by
SOCIUM-CEIENCErt FeCranisms 1n rat synactcsomes was acelylated,
ROwever, Th §.1N€4-013 SvNATLCIOMES 271§ Jaramete” wmis $1QMYEi-
cartly 1ncrgases 9 72.3%. “re net increase 'n imoIng ine uDtace
following » -sepoia=rzation was 42,52 4na 133 1p rpt anc guines-
p1g, respect vely, reialive to resting transxert. Tnys, 'n
QUINea-p S $enaDtCSOMes The percentage of (ACiiae transicrteo v
SoC ur-gerencent 2arriers Grveries to AIn Syntress 's 1nCressed
v cecoiamrzatice of tne nevve termiral.  Trese rec.its s.ooest
trat trere mgy De d:’Ferences under'yrrs tre w3 € CTsiine
trantpaet T the enzymalic 2iety'ation resltich 4rs the JU'iviae
tion of eactencys crolire = the syrtress of ALR ir syractosores
fror pra:n cf ral anc guIrea-ovy.
(Supported Dy the Mecical ~esearch lounctl cf (anace).

SECRETION OF “N-ACETVLCH(‘LNE FROW  CUINEA.PIC ILENWM
MYENTERIC PLEX''S 1S ENMHANTED By INHIRITSRS OF PHONMOL
DIESTERASE, F. Anwtc® anet 8, Seugers=o RPON: P, (reenparc).
Division of Uxperi~enta: Vec.cine, Wationa; Nelense Research
Institute, $-92| 82 Umed. Sweden.

The secretion of aretvinoune (ACR) 4 reguiated bv presvraptic
muacarinic feedbace imhbition, The possisie invo.ve Tent of encorenous
CVCLIC MUCI®ONIAPS 1~ T8 COTIre] Bas MvestEate! Us,NE *wa mA: 9 (ors
of phosonodiesterase. The ACh stares of t~e (RoLnere:C “erves of the
mventeric plesus of the Fy ea-pr iteum 10rE.1C. "1 Mus.e Dreca-
ratian were Jlacesied w:th Honoline, The orecarat:on sas nounted
i a0 orean Chamoer, and WOErfused w1%,TvTo0e UTION CONTRINING
hemwcholinum-3 (1677 M) ans eserine (1277 M), Stumulatior was sith
trams of 150 shocks (0.3 ms, 122 V) at a low freovency 19,5 Hz). The
results are emressed as the evoxed {ractional secretion cf total M.
Adcition of 3-sotutviy -methvizanthine (IBMX, 2.29 mM) enhanced the
evoued secretion of "H-ACHh bv 99 ¢« 28 % (n=6, 0<C.GCL). From the
efters of BAX (1.5 mAL, n:7) the concentration v:elding talf-max:mal
ennancement (X _) was determined to be 2.0 mM. The mamnmal
INCrease ower the control leve; at miriteiv high concertration of
IBMC (V) sac estimatec 1o be 195 %, Furihermore. tne elfects
of IBMX Ui or 2 mM) were not altereg by atroome (1077 M), A
structurally  dilferent Jivhibitor of phosohodiestersse. SO 20,006,
8l sightly enhanced te H-ATh secret.on but w:th:n a verv narrow
concentrat;on range. The secretion was enhanred dv 82.110% by SO 2C.0%
(0.3-0.5 mAl).. Adove tho rangs e secrelior was evhanced c>astically,
about [0-fold. and was Drodbably not reiated to the mhidition of
phosphodiesterase. The resuits supgest that endogennuys cCvcic
’uﬁeehde! are not nvoived n muscarinic "autoinvibition® of
H-ATh secretion m guinea-pig ileum rventeric dlerus However,
it is concervatle that anenosine Y.%'-cvg':c monconosphate mav
be invoived ™ the enhancement of evoned H-ATH secrevian caused
by activation of other receptors.

CFFECTS OF DFP ON T™E RELEASE OF ACETYLOWOLINE: ROLE OF A paf.
SYNAPTIC MISCARINIC RECEPTOR. T1.6. ®ptrtio®, E. Gtacoont, J.§.
Richargseas, (SPON: C. Su), D6DT. Pherescology, Scwthern JITT-
nols University Scnool of Medicine, Soringfield, 1L 62708

The alding rat iris contarns & gense plesus of cholinergic
nerve teveinaly whose cel) bodies e 1ocated A the ciltery gane
glton, Thig strycture 18 ¢ 330¢ andel for the study of Cholirer.
gic function oue 10 1ts mmcgenerty. Following cnaracterization
of the high affinity choline (W) udtace system, the elactrically
stiaylated retesse of x!!y‘fholinc (AIN) was studted. ACh pools
were lavelled by wtoxe of Ju-Ch for 10 min {1 N}, The trises
were then rinsed ond BPut A 2 release chonces modified from
Potashner (1978). After o 10 @0 wash the tissue was Stisuiated
Oy & 50 Hz, 20 ®4, 5 ®s 3quare wive for | Bin while DeIng Super-
fused by oxgyensted Elit0ts 8 buffer. The perfusate was col.
Tected into sconttilation visls, after which 2 ml of cockiail way
addea ana the radioactivity relessed woat determines by ltquid
scintitlation counting. The tritium ve’essed was expressed 45 &
percentace of the tots! tritiue present wn tae tissue ot the tiame
of releage. We demonstrated that the tritium relgesed was
95-1008 H-ADh., The re'esse of AN was f3und toc be Na°,
Ca®* and tempereture Oependent, Tne aodition of scopalemine
(10-4.10-51  tncreasea tne releasg of ACh up 13 197%
while, the additron of choline (13-dw: gecressed the release
of ACh. Thig gecresse tn release was reversea by the addition of
10-6m scopclamine, dJemOnstrating the presence of & Presynap-
tic BusSCarinIC receotor, &3 Nes Deen ORSCPIDES 'R Other titsues.
The addition of tre ‘rreveriible choltaesterdse iInniIDitOr @iiso-
prooy!  fluorgprosonste (DFP'  (10-¢,  10°3, 10°6w) into
the superfusion bDufter resutted in & sigaificant decresse in the
stimulated reiease of ACh with esterase Xtivity tanidited Dy
more ther 908, 0P at 1077 ang 13-3% inmibited esterase
altrity by €0 ang 40K, respectiveiy, Dyl had no effect on tne
re'esse 0/ ADr. TRy Jecredase on tee ~e'esse Of ATH was foung t)
be tots'ly revers'Dle w'in the adaition 0f 10-Ow g:opoleming
1AL the Duffer. Tne decrease 'n release Of ALK by OFP can de
ArrIdytes 10 the &Cum, 4tich Of ATR n the synaptic Cleft and
conseauently it agomistic effect on the presynaptic euscariaig
receptor therfore gecressirg relesse of MM, The euscerinig
4774830011 KO0DIgNINE, AU 8 CONCErIetion where (tsel? Goes ot
¥fect relesve, wis adle 1o totally reverse tRig e‘fect., Tmig
dota cemcast-ates (%€ Oresence oF § DresvmadtIc WuSCETINIC reled-
tor on choltmergic terming § 1R the ol ‘P1S aNT SUQJeSTS @ MeCh.
an13e by @rich DFP cecresses the ceiesse 3 Aln from nolines g
terminals. (Supoorieq by Arr force grart #81-0229 ano 83-0051.)

ATV N NOARLISRAL M S 341
CEFENCINIE N R YOl L S
DeLariment 0f PResidiogy, Wotll ome
nio Vvs.

Felloming 4 6 @i arnetot-on ¢ tmg (3% DumD 1» the Cat
SLDErI2r cere o dl LarQl1Or Oy Jerf yicn wilh R-fres LOCkE $Ciue
tior, 8 10 &1 Pecovery 1P POaY L2lee Dreouced & 903 incresse
tn acetvicnol me stores. The inacreese ‘o si3res OCCurred wittcut
INCresse ' JIetviC™IIINe reieate.  Tr.s thig orocedure Of DurD
mnidItion followes Ly PecCeeny sele:ttveis 2CTvaTES azelyic™o-
Tine sertnests.  Tre tncrease Yh $iCres, eniCh OCCLrreD entirely
Cur1n3 the 10 &1in rellvery DOr100 17 a”'CA tH8 SCAYUR CumD was
reactivated, represents & rate of sy=iresrs ©f gretvicholire of
$.1% 0f stores per @16; eUW) tC the WM rate tAat can De
AcRIeved Ouring MIgh frequency precen;liemil nerve stimylation.
Tre increase was nct #ffected dy $.Z3t1t.%'na 15ethionate for
chiorige '@ the oerfustor flur0s. [t was Creventes by reduCing
SOATUm 10 25 MR 1n the K-free LOCRE 230G 2130 Drevented by omitting
calcrum from tne re~fuston flurgs. [t 13 conciuded that the
selective a-tivatron of gretylcralinre symtnesss *2llowing the
DALLe 1% SDCT R DUPIITG wdt & 21Tl resyrt SF an iIngreased
$SO31um DURD rate -3 an InCrease 1» interral calcrum 1n the
nerve termirais. (Tt 13 proposed that s:eriar 10n1C events
Produced by vedetirtive rerve 1mpulses liuew'se activate pcetyl-
croline synthests 1ngepengently 0! relpase 0f transmitier or
depietion cf stores.
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AGING OF CHOLINERGIC SYNAPSES: FICTION OR REALITY? Ezio Giacobini, Southern
I1linois University School of Meaicine, P.0. Box 3926, Springfield, Illinois
62708 USA

[Combined neuropathological and biochemical evidence suggests that a primary
degeneration of cholinergic axons projecting to the cortex, and a secondary
reduction in number of cholinergic neurons may occur in specific subcortical
nuclei (basal forebrain), during pathological aging in humans, The factors
. inducing such a selective loss in cholinergic function are not known, Quantita-
i : tive analysis of neuronal pooulation density and biochemistry show that neurons

and synapses other than cholinergic may also be affected by the same aging
process. Variable data have been reported with regard to the relationship
between neuronal losses and cholinergic changes and to the magnituge of the
reductions._ In order to firmly establish a cholinergic hypothesis of senile
dementia, we will first discuss relevant questions such as:

» r EE— .

1. Are biochemical changes selectively localized to certain brain nuclei or
are they distributed to all cholinergic synapses in the CNS?

2. Are changes related to the normal cerebral aging process, i.e. are they
mechanisms of enzymatic aaaptation or are they specific for senile
dementia? How important is the age range of the controls? How imoortant
is the severity of the aiszase?

B

3. Which is the primary target for the chemical damage and the neuronal degen-
eration? Does the aging process involve both pre- and postsynaotic struc-
tures? Does the precess involve cholinergic terminals firstly ana
perikarya secondly?

my.-.

4, Are cholinergic neurons in the PNS and CNS equally affected?

5. Is there a relationshio %tetween the reduction in cholinergic cortical
innervation and the pathsgenesis of plaques?

In the second part of our presentation, a model of peripneral cholinerqgic
aging, tne 1iris, wili be introduced. This model allaws us to study major
cholinergic parameters together witn pupillary function. [n humans, puoillary
size constitutes a predictable marker of age-related pupillary function and
senile miosis seems to contribute a reliable sign of aging of the cholinergic
innervation of the eye., Observaticns will be presented which support the view
that terminals of cholinergic neurons, particularly in the PNS, represents more
vulnerable targets of aging process than cell bodies. Recent attemdis to
characterize the cholinergic damage to synaptic membrane function will be
discussed.

DIER PR
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Supported in part by AFOSR grant =283-0051 and Nowatski Eye Fund.
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EFFECTS OF DFP ON ACETYLCHOLINE METABOLISM AND RELEASE AND PUPILLARY FUNCTION IN
THE RAT. T.G. Mattin, J.S. Richardson and E. Giacobini, Southern Illinois
University Scnool of Megicine, P.0. Box 3926, Springfield, l1linois 62708 USA

The effects of acute topical administration of diisopropylphosphorufluori-
date (DFP) on cholinergic biochemistry and ACh release were determined and
correlated to oupillary function in the rat. DOFP (5 ug) reduced acetylcholin-
: esterase (AChE) activity to 36% at 1 min and to 8% after S min and remained
' decreased for up t0o 6 hrs, Pupillary area was normal at 1 min and by 3.5 to 4

min complete miosis occurred and no light reflex could be elicitea for up to 6
hrs. Acetylcholine (ACh) levels were increased 33% at 1 min and by 5 min showed
a 54% increase. This increase remained stable for 120 min after which it
decreased to 2%% at 6 hrs, Choline levels were decreased 22% at 5 min but
recovered by 15 min and remained at control levels through al]l time points
studied. The presence of a presynaptic-muscarinic receptor was demonstrated in
the iris, The role of this receptor in inhibiting ACh release in the presence
of DFP was 31so det2rmined. 0OFP shows an inhibitory effect on Alh release which
was blocked dy scosalamine suggesting that it is mediatec througn a muscarinic
receptor. The riat iris proved to be a good model for stuaying of AChE agents
since biocnemical “ingings are easily correlated to pnysiological effects on the
pupnil,

E

Supported in part Sy AFCSR grant #83-0051 anad Nowatski tye Fund.
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A SPECIFIC FUNCTICNAL DEFECT OF PERIPHERAL CHOLINERGIC SYNAPSIS ODURING
AGING
Mussini, I.*, Mattio, T.G.*, Giacobini, E. and Richardson, J.S.
Dept. Pharmacol., So. Ill. Univ, Sch. Med., Springfield, IL 62708 USA

: Neuromuscular junctions in the iris of aging (2-4 yrs) chicken show
| polymorphic signs of degeneration such as reduction and polymorphism of

synaptic vesicles, increase of neurofilaments and mitachondria. Accumula- L

tions of cytoplasmic organelles and lysosomes are seen in the axcplasm of -

the nerve fiber. At later stages (5-9 yrs) the nerve ending is enveloped e

by Schwann cells infiltrating and partially filling the synaptic cleft. L
. Quantitative changes in the ratio describing the relation V,,/Vys
| between volumes of terminals (V,,=synaptic bouton volume fraction) and
volumes of synaptic vesicles (Vvv = gynaptic vesicles volume fraction)
show a decrease from .4 to .2 between 4 month and 9 years. This indicates
a progressive decrease in the volume occupied by synaptic vesicles and a
possible functional deficit. We examined the ability of cholinergic
synapses in the iris at vario%f ages to take up the precursor “H-choline
(Ch) and release the formed “H-acetylcholine (ACh) in response to high
K* (115 mM) depolarization. We have observed that following release of
ACh, exocytosis clearly prevails on endocytosis and a nearly %otal denle-
tion of vesicies is present. Under acute conditions of stimulated release,
aging terminals are still capable of an adequate depletion of ACh. How-
ever, under mor2 strenuous conditions of multiple kings of lcading-reload-
ing and release So0:n Ch and phosohorylcholine are sicnficantly aenleted.
These experiments coint out for the first time a specific functional defect
in the cholinergic synaons2 curing aging.
(Supbported by AFJSR Grants 81-9229; 83-0051, Nowatsky Eya Reszarch Founda-
tion ana £.F. Pearson Foundation to E.G.)
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i A SPECIFIC FUNCTICNAL CEFECT OF PERIPHEFAL CHOLINERGIC SYNAPSES CURLNEG AGING
Giacobini: Ezio

So. IN1. Univ. Sch. Med., P.0. Box 3926, Springfiels, iL €27CS8
217/785-2185
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THE ROLE OF A PRESYNAPTIC MUSCARINIC AUTORECEPTCR IN ACETYLCHOLINE RE_EASE
FROM RAT IRIS
Mattio, T.G.*, Giacobini, E. and Richardson, J.S.
Dept. Pharmacol., So. Il1, Univ., Sch, Mea,, Springfield, IL 62703 USA
The release of acetylcholine (ACh), both in central and peripheral
; nerve tissues, is controlled by a presynaptic muscarinic autoreceptor that
- is responsive to exogenous and endogenous muscarinic agents., In the albino

oo rat iris we have demonstrated the presence of a muscarinic autoreceptor and
i elucidated its role after acetylcholinesterase (AChE) inhibition by di-
o isopropylfluorophosphate (OFP). The electrically stimulated release of ACh
= (50 Hz, 20 mA, 5 ms square wave) in the rat iris was shown to be tempera-

. >< ture, Na* and Ca*' dependent. Addition of 103 ang 10-M
scopolanine in the superfusion buffer, increased ACh release by 190 and
150%, respectively. The addition of 10'4, 10-° and 10-%v DFP

in the buffer sigificantly decreased the release of ACh and inhibited ACht
activity by more than 90%. _This innibition of ACh release was totally
- reversed by scopolamine (10°°M) indicating the involvement of a muscar-
inic autoreceptor. The accumulation of ACh in the synaptic cleft after
DFP, results in muscarinic activation and a conseguent feedback innibition
of ACh release. Further characterization of this autoreceptor ang its role
after AChL inhibition will be cescribed.
(Supported by Grant AFQSR-33-0051 to £.6.)
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Giacoktini, Ezio
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THE ROLE OF A PRESYNAPTIC MUSCARINIC AUTO- Forotficevweony  SE 103 T
RECEPTOR IN ACETYLCHOLINE RELEASE FROM RAT b
IRIS. W
EE RO
7.G. Mattio, E. Giacobini and J.S. Richardsan. o
Nepartment of Pharmacology, So. I11. Univ. FR™n e
Scn. Med., Springfield, IL 62708 USA Type abstract within .. :
. . the black rectangle | :,

In the albino rat iris we have demonstrated .,&;i,-? -
"he presence of a muscarinic autoreceptor and %%gg;:}” SRS
plucidated its role after acetylcholinesterase Y2
{AChE) inhibition by diisopropy!fluoraphos- N
bnate (DFP). The electrically stimulated Elv
~elease of ACh (50 Hz, 20 mA, 5 =s square ;:"v,;_, ’
Wava) in the rat iris was shown to be tempera- S S
mure, Na* and Ca*?  dependent. ddition JE
hf  10°%M  and 10794 scopolamina  in  the SN

suserfysion buffer increased ACh relea2se by
192, and 150%, respectivelg. The addition of
107+, 107 and  107°M  ODF? in  the
bu‘fer sigificantly decreased the release of

i2h and inhibited ACRE activity by more than
B This inhibition of ACh releasz was

d reversed by scopolamine (10°°W;
irdicating the involvement of a muscarinic
aytorecentar. The accumulation of ACa in the
synaotic cleft after OFP, resylts in muscar-
inic activation and a consequent feechack
irhibition of ACh release. (Supporzea by
Grant AFQSR-33-0051)
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TSRS Anndal Miawest  Neurobiology Mee*1ng
~ St. Louis, MO April 6-8, 1984

GIACOBINI, E., MUSSINI, I. and MATTIO, T.

“Aging of Cholinergic Synapses in the Avian Iris"

Department of Pharmacolocy, Southern I1linois University School of Meaicine,
Springfield, Illinois 627C8

We have made use of the ciliary ganglion-iris preparation of the aging
(1.5-9 yrs) chicken as a m0a2) of senescent peripheral cholxne*axc synapses.
Neuromuscular junctions in the iris of aging cnickens show early (1.5 yrs)

“morphological signs of damege such as, reduction anda polvnoronism of
synaptic vesicles and incr2asz 3f neurofilaments and mizachondria, Accumu-
lations of cytopiasmic Jrgane’ies and lysosomes are seen in the axzplasm of
the nerve fiber. At later stagss (5-9 yrs), the nerve ending is 2nveioped
by Schwann cells infiltrating 21g filling the synaptic cleft, Quantitative
morphometric changes 1in tne ratio describing the reiaticnsnin bdetween
volumes of terminals and voiumes of synaptic vesicles show a orsgressive
decrease in the volume occupniea by synaotic vesicles. The ability of the
3hol1nerg1c synapses to take ud “JH-cholinz and release the formed

cetyicholine (ACh) 1in rascanse to high K7-depdlarization is impaired
at 5 yrs resulting in a sicnificant depletion of the S4-ACn releasanl2
pool. These experiments ssen to point out for the first time a selective
functional defect in the cholinergic synaose during aging. (Suaportea by
AFOSR Grant NL-144 ana by Nowztski tye Research fund to E.G.)
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